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ABSTRACT
Henize 2–10 is a blue dwarf galaxy with intense star formation and one the most
intriguing question about it is whether or not it hosts an accretingmassive black hole.
We use H and K-band integral field spectra of the inner 130 pc×130 pc of He 2–
10 to investigate the emission and kinematics of the gas at unprecedented spatial
resolution. The observations were done using the Gemini Near-Infrared Integral Field
Spectrograph (NIFS) operating with the ALTAIR adaptive optics module and the
resulting spatial resolutions are 6.5 pc and 8.6 pc in the K and H bands, respectively.
Most of the line emission is due to excitation of the gas by photo-ionization and
shocks produced by the star forming regions. In addition, our data provide evidence
of emission of gas excited by an active galactic nucleus located at the position of the
radio and X-ray sources, as revealed by the analysis of the emission-line ratios. The
emission lines from the ionized gas in the field present two kinematic components:
one narrow with a velocity field suggesting a disk rotation and a broad component
due to winds from the star forming regions. The molecular gas shows only the narrow
component. The stellar velocity dispersion map presents an enhancement of about 7
km s−1 at the position of the black hole, consistent with a mass of 1.5+1.3−1.3×106 M.
Key words: galaxies: active – galaxies: kinematics and dynamics – galaxies: dwarf
– galaxies: ISM
1 INTRODUCTION
Supermassive black holes (BH), with masses of 106−109 M,
are located at the center of massive galaxies and they are
claimed to have a strong impact in the evolution of galaxies
(e.g. Magorrian et al. 1998; Di Matteo et al. 2005; Kormendy
& Ho 2013; Harrison 2017). While they grow, they produce
radiative feedback that shapes the star formation of the host
galaxy (e.g. Jeon et al. 2012). Investigate the effect of low-
mass (∼105 − 106 M) black holes at high-redshift is very
difficult from an observational point of view. However, this
can be done by observing their analogous in nearby dwarf
galaxies (e.g. Filippenko & Sargent 1989; Reines et al. 2011;
den Brok et al. 2015), in particular by using integral field
spectroscopy (IFS), which allows the mapping of the gas
and stellar distribution and kinematics simultaneously (e.g.
Vanzi et al. 2008; Cresci et al. 2010, 2017; Brum et al. 2019).
Henize 2–10 (ESO 495- G 021) is one of the most inter-
esting star-forming nearby blue dwarf galaxies, with contro-
versial results regarding the presence of an accreting black
hole (Reines et al. 2011; Cresci et al. 2017). It has a very
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high star formation rate and shows signs of a recent inter-
action (Kobulnicky et al. 1995; Reines et al. 2011), likely a
common event at high z. Indeed, the morphology, metallic-
ity, spectral energy distribution and star–formation rate of
a lensed dwarf starburst at z = 1.85 were shown to resem-
ble local starbursting dwarfs (Brammer et al. 2012), making
this kind of object a particularly promising early-Universe
analogue.
Reines et al. (2011) present optical, near-infrared, ra-
dio and X-ray images of He 2–10 obtained with the Hubble
Space Telescope (HST), Very Large Array (VLA) and Chan-
dra X-ray Observatory. Based on the ratio between the ra-
dio and X-ray luminosities they find that the compact radio
source at the dynamical center of the galaxy, and previously
reported by Johnson & Kobulnicky (2003), is consistent with
an accreting black hole with a mass of ∼ 106 M. Reines
et al. (2016) present follow-up X-ray observations of He 2–10
and find that the X-ray source, previously reported, is off-
set from the radio source and likely an X-ray binary. These
deep observations reveal a new X-ray source, co-spatial with
the radio source and consistent with a massive BH radiat-
ing at 10−6 LEdd. Very long baseline interferometry observa-
tions of He 2-10 at 1.4 GHz reveal a compact non-thermal
c© 2019 The Authors
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radio source at the location of the putative accreting BH
with a physical scale of .3 pc×1 pc (Reines & Deller 2012).
However, recent optical integral field spectroscopy (IFS), ob-
tained with the Multi Unit Spectroscopic Explorer (MUSE)
on the Very Large Telescope (VLT) at a seeing of ∼0.′′7 re-
veal that the emission-line ratios do not show evidence of
an active galactic nucleus (AGN) in He 2–10 (Cresci et al.
2017). These authors, reanalyze the X-ray data and sug-
gest that it is consistent with a supernova remnant origin.
The emission-line ratios in the near-infrared are also consis-
tent with gas excitation due to young stars, and evidence of
supernova driven winds are seen in locations co-spatial with
non-thermal radio sources (Cresci et al. 2010). Nguyen et al.
(2014) use the Gemini-North’s Near-Infrared Integral Field
Spectrograph (NIFS) adaptive optics K-band observations
of He 2–10 at resolution of 0.′′15 to measure the stellar kine-
matics by fitting the K-band CO absorption bandheads and
place an upper limit to the mass of the BH of ∼107 M. At-
acama Large Millimeter Array (ALMA) observations of the
cold molecular gas, traced CO(1–0) line, reveal a velocity
gradient in molecular gas within the inner 70 pc, consistent
with solid body rotation and resulting in a lower limit to the
dynamical mass of 2.7×106 M, which is consistent with the
mass of the BH candidate (Imara & Faesi 2019). In addition,
Nguyen et al. (2014) report that the Brγ emission at the lo-
cation of the BH candidate presents a luminosity consistent
with that expected from the observed X-ray emission.
Here, we investigate the origin of the near-infrared emis-
sion lines from the inner 3′′×3′′ of He 2–10 using H and K-
band integral field unit data obtained with the Gemini NIFS.
The NIFS data present an angular resolution about 6 times
better than that of the SINFONI observations previously
published by Cresci et al. (2010), thus the NIFS observa-
tions are more suitable for a detailed analysis of the nature
of the gas emission and to look for signatures of a black hole.
This paper is organised as follows. Section 2 presents the de-
scription of the data and data reduction procedure, Section
3 presents maps for the emission-line fluxes, line-ratios and
and kinematics. The results are discussed in Sec. 4 and Sec.
5 presents the conclusions. Through this paper, we adopt
the distance to He 2–10 of 9 Mpc (Me´ndez et al. 1999) and
a corresponding physical scale of 43 pc/arcsec.
2 THE DATA AND DATA REDUCTION
We downloaded the NIFS data of He 2–10 from the Gemini
Science Archive. The H and K-band observations were done
in 2007 April under the program GN-2007A-Q-2 (PI: Usuda)
using NIFS together with the ALTtitude conjugate Adap-
tive optics for the InfraRed (ALTAIR). The stellar kinemat-
ics and the Brγ emission line flux distribution based on the
NIFS K-band data were already published by Nguyen et al.
(2014). McGregor et al. (2003) present a technical descrip-
tion of the instrument, which has a square field of view of
≈ 3.′′0×3.′′0, divided into 29 slices with an angular sampling
of 0.′′103×0.′′042. The K-band observations were done us-
ing the K−G5605 grating and HK−G0603 filter, while the
H band data were obtained using the H−G5605 grating and
the JH−G0602 filter. The nominal spectral resolving power
for both bands is R≈ 5290.
The observations followed the standard Object-Sky-
Object dither sequence, with off-source sky positions, and
individual exposure times of 300 sec in the K band and 180
sec in the H band. The total on-source exposure times are
45 min and 36 min for the K and H bands, respectively. The
H-band spectra are centred at 1.65 µm, covering the spec-
tral range from 1.48 to 1.80 µm. The K-band data cover the
2.01–2.43 µm spectral region and the spectra are centred at
2.20 µm.
We followed the standard steps of NIFS data reduction
(e.g., Riffel et al. 2008) using the nifs package which is part
of gemini iraf package. The data reduction procedure in-
cludes the trimming of the images, flat-fielding, cosmic ray
rejection, sky subtraction, wavelength and s-distortion cali-
brations, removal of the telluric absorptions, flux calibration
by interpolating a blackbody function to the spectrum of the
telluric standard star and construction of data cubes with
an angular sampling of 0.′′05×0.′′05 for each on-source frame.
These individual data cubes were then median combined
using a sigma clipping algorithm in order to eliminate bad
pixels and taking as reference the position of the continuum
peak to perform the astrometry among the single-exposure
data cubes.
After the data reduction, we partially apply the data
treatment procedure described in Menezes et al. (2014) us-
ing python and idl routines. First, the data cubes are re-
sampled to 0.′′025 width spaxels using a linear interpolation.
Then, we perform a spatial filtering of the data to remove
high-frequency noise. We use the bandpass−filter.pro
IDL routine using a Butterworth spatial filter and adopt-
ing a cutoff frequency of 0.15 Nyquist. Finally, data cubes
were resampled back to 0.′′05 width spaxels.
In order to estimate the angular resolution, we follow
Nguyen et al. (2014) and measure the full-width at half
maximum (FWHM) of the flux distribution for the brigthest
stellar cluster (identified as CLTC1 by these authors) using
H and K continuum images. The continuum images were
constructed by computing the average of the fluxes within a
spectral window of 100 A˚, centred at 1.65 and 2.15 µm. We
measure a FWHM≈0.′′22 for the K band and 0.′′25 for the
H band. Nguyen et al. (2014) measured FWHM≈0.′′19 for
CLTC1 using a high resolution image from HST High Res-
olution Channel (HRC) obtained through the filter F814W.
Thus, the resolution of the NIFS data is 0.′′15 in the K-band
and 0.′′19 in the H band. These values correspond to linear
scales of 6.5 pc 8.6 pc at the distance of the galaxy. The re-
sulting velocity resolution is 45±5 km s−1 for both bands, as
measured from the FWHM of typical emission lines of the Ar
and ArXe lamps spectra used in the wavelength calibration.
Compared to the seeing limited SINFONI data of He
2–10 used by Cresci et al. (2010), the NIFS data present
an angular resolution about 6 times better and 75 % (30 %)
higher spectral resolution in the H (K) band than theirs.
Similarly, the angular resolution of the NIFS data is almost 7
times smaller than that of the optical MUSE data presented
by Cresci et al. (2017) and the NIFS velocity resolution is as
up to 3 times better than that of the blue part of the MUSE
spectra. Thus, the NIFS data can provide a mapping of the
gas distribution and kinematics of the inner 130 pc×130 pc
of He 2–10 in unprecedented detail. On the other hand the
instruments used in the studies above present a larger field
of view than NIFS, providing information about the physical
properties of He 2–10 at larger scales.
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Figure 1. Examples of fits of the emission-line profiles of the [Fe ii]λ1.6440 µm, He iλ2.0587µm, Brγ and H2λ2.1218 µm at the position
of the peak of Brγ emission (top panels) and at the location of the BH candidate (bottom panels). The observed profiles are shown as
dashed black lines, the model as red continuous lines and the green dotted lines show the individual Gaussian components.
3 MEASUREMENTS
We use the IFSCube python package1 to fit the emission
line profiles by Gaussian curves. In most locations, the emis-
sion lines from the ionized gas present a broad base, besides
a narrow component, while the H2 lines present only the
narrow component. The [Fe ii]λ1.6440 µm, He iλ2.0587 µm
and Brγ emission lines were fitted using two Gaussian com-
ponents, while the H2λ2.1218 µm is well reproduced by a
single Gaussian function in all locations. The velocity dis-
persion of the broad Gaussian components was constrained
to be larger than 100 km s−1, based on visual inspection of
the line profiles. If the amplitude of the broad component
is smaller than 3 times the standard deviation of the adja-
cent continuum, the corresponding line profile is fitted by
a single Gaussian function. The Br12 emission line, used to
estimate the dust extinction, was fitted by a single Gaus-
sian in all locations, as the broad component (if present) is
very faint, with amplitude smaller than 3 times the stan-
dard deviation of the continuum. In addition, during the fit
of the Brγ emission line, we include a Gaussian curve to fit
the He iλ2.1647 µm, which is detected and blended with the
Brγ in some locations. Examples of the observed line profiles
and corresponding fits are shown in Fig. 1.
Although, Nguyen et al. (2014) has already presented
stellar kinematics maps for He 2–10 based on the fitting of
the K-band NIFS data, our data treatment improves signal-
to-noise of the spectra allowing measurements spaxel-by-
spaxel, rather than using spatial binned spectra as done by
these authors. Thus, we present new measurements for the
stellar kinematics based on the treated data cube. The stel-
lar line-of-sight velocity distribution is measured by fitting
the CO absorption bandheads at ∼2.29–2.40 µm using the
Pixel-Fitting ppxf routine (Cappellari & Emsellem 2004;
Cappellari 2017). The spectra of the Gemini library of late
spectral type stars observed with the Gemini Near-Infrared
Spectrograph (GNIRS) IFU and NIFS (Winge et al. 2009)
1 https://ifscube.readthedocs.io
are used as spectral templates. This library includes spec-
tra of stars with spectral types from F7 to M5, observed at
a very similar spectral resolution than that of the K-band
cube of He 2–10.
4 RESULTS
Figure 2 presents the flux distributions for the
[Fe ii]λ1.6440 µm, He iλ2.0587 µm, Brγ and H2λ2.1218 µm
emission lines, as well as the K-band continuum. The
positions are given relative to the location of the stellar
cluster CLTC1 (α =08h36m15s.199, δ = −26◦24′33.′′62),
which is co-spatial with the peak of the near-IR contin-
uum (Reines et al. 2011; Nguyen et al. 2014). The star
marks the location of BH candidate (α =08h36m15s.12,
δ = −26◦24′34.′′1), defined as the position of the X-ray and
compact radio souce (Reines & Deller 2012; Reines et al.
2016). The astrometric uncertainty is ∼0.′′15 (the NIFS
angular resolution). The Brγ and He iλ2.0587 µm show
similar flux distributions, with emission observed over most
of the NIFS field of view for the narrow component, while
the broad component is detected mainly to the southeast.
The highest flux levels are mainly seen in knots of emission
to the south–southeast, which are surrounded by moderate
line emission that extends to locations close to the position
of the BH candidate. The faintest emission is observed at
the north side of the field of view.
The H2λ2.1218 µm and the narrow component of the
[Fe ii]λ1.6440 µm show overall similar flux distributions and
distinct to that of Brγ. Strong [Fe ii] and H2 emission is seen
to the southwest and some knots of emission seem to sur-
round the locations of the strongest Brγ emission regions.
The highest fluxes for the broad [Fe ii] component is seen
between the two knots delineated by the strongest Brγ emis-
sion. In addition, a secondary peak is observed at the loca-
tion of the BH candidate.
Emission-line ratio maps are shown in Figure 3, as well
MNRAS 000, 1–8 (2019)
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Figure 2. Flux distributions for the narrow and broad line components and K-band continuum image. The green contours overlaid on
all maps, but the K-band image, are from the Brγ narrow component, while the gray contours are from the K-band image. The cross
marks the position of the stellar cluster CLTC1 and the star shows the position of the BH candidate. The color bars show the fluxes
in logarithmic scale of erg s−1 cm−2 spaxel−1 (the size of the spaxels is 0.′′05×0.′′5). Gray regions correspond to masked locations where
the amplitude of the fitted Gaussian curve is smaller than 3 times the standard deviation of the continuum next to the corresponding
emission line. The cyan circles overploted to the continuum image correspond to the apertures used to extract the spectra discussed in
Sec. 5. In all maps, north is up and east is to the left.
as an E(B−V ) map. We estimate the E(B−V ) values by
E(B−V ) = 10.6log
(
FBrγ/FBr12
5.29
)
, (1)
where FBrγ and FBr12 are the observed fluxes of Brγ and Br12
measured in each spaxel. We use the Cardelli et al. (1989)
extinction law, RV = 3.1 and adopt the theoretical ratio be-
tween Brγ and Br12 of 5.29, calculated by Hummer & Storey
(1987) for the case B recombination, electron temperature
of 104 K and electron density of 104 cm−3. The resulting
E(B−V ) map is shown in the bottom-right panel of Fig. 3,
with values ranging from ∼0.5–3.0 in good agreement with
the range of values presented by Cresci et al. (2010).
The emission-line ratios shown in Fig. 3 are con-
structed after correction of the line fluxes using the me-
dian value of 〈E(B−V )〉 = 2.4 and the extinction law of
Cardelli et al. (1989). The [Fe ii]/Brγ and H2/Brγ ratios
are commonly used to investigate the origin of the [Fe ii]
and H2 emission (Reunanen et al. 2002; Rodr´ıguez-Ardila
et al. 2004, 2005; Riffel et al. 2013; Colina et al. 2015).
AGN-dominated sources present −0.3 ≤log [Fe ii]/Brγ ≤ 1.5
and −0.3 ≤log H2/Brγ ≤ 0.9, SNe-dominated sources show
0.2≤log [Fe ii]/Brγ ≤ 1.2 and −0.4≤log H2/Brγ ≤ 0.4 and gas
excitation by young stars result in −0.4≤log [Fe ii]/Brγ ≤ 0.4
and −1.2 ≤log H2/Brγ ≤ −0.1 (Colina et al. 2015). For He
2–10, at most locations [Fe ii]/Brγ ≤ 1.0 for both narrow
and broad components. The broad component shows overall
higher ratios than the narrow component and the highest
values are seen to the north and in regions close to the loca-
tion of the BH candidate. Similarly, the H2/Brγ shows small
values (< 0.2) at most locations and some higher values in
the northern side of the field of view. As the He has a higher
ionization potential than H, the He i/Brγ ratio can be used
as a treacer of the ionization distribution. From Fig. 3, we
note that there is a trend of higher values to the west and
at locations close to the BH candidate.
Figure 4 shows the gas velocity maps derived from the
centroid of the fitted Gaussian curves, as well as the stellar
velocity field derived from the fitting of the CO bands. The
observed velocities were corrected to the barycentric veloc-
ity and the systemic velocity of the galaxy – Vs = 872± 6
(Marquart et al. 2007), is subtracted. The stellar velocity
field shows no sign of rotation with velocities smaller than
25 km s−1 and is in agreement with the map derived by
Nguyen et al. (2014). On the other hand, the velocity fields
for the narrow components of all lines show mostly redshifts
to the southwest and blueshifts to the northeast, suggesting
a rotation pattern. The maps for the broad components of
[Fe ii]λ1.6440 µm and Brγ show blushifts at most locations,
with higher velocities seen for the [Fe ii]. The He iλ2.0587µm
shows velocities close to the systemic velocity of the galaxy.
The velocity dispersion (σ) maps, corrected for the in-
strumental broadening, are shown in Figure 5. The H2 shows
the smallest σ values and the highest values for the nar-
row components (50-60 km s−1) are seen surrounding the
knots of Brγ emission. The σ maps of the broad compo-
nents of distinct lines show different range of values. The He i
shows the smallest values (∼120 km s−1), followed by Brγ
(∼140 km s−1) and [Fe ii] presents values of up to 170 km s−1.
5 DISCUSSION
The most intriguing question on He 2–10 is whether or not it
hosts an accreting massive black hole. Reines et al. (2011) re-
port that it contains a compact radio source, co-spatial with
MNRAS 000, 1–8 (2019)
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Figure 3. Emission-line ratio maps for He 2–10. Labels are the same as in Fig. 2.
Figure 4. Gas and stellar velocity fields of He 2–10. Labels are the same as in Fig. 2.
a hard X-ray source and conclude that the X-ray and ra-
dio emission are consistent with an actively accreting black
hole with a mass of ∼ 106 M. Follow up radio (Reines &
Deller 2012) and X-ray (Reines et al. 2016) observations
provide further evidence of an accreting BH in He 2–10, ra-
diating well below its Eddington limit. Nguyen et al. (2014)
derive an upper limit of ∼107 M for the BH mass, based
on the non-detection of increased stellar velocity dispersion
at the location of the BH candidate using Gemini NIFS
data. Recent ALMA observations reveal a velocity gradi-
ent consistent with solid-body rotation and implying in a
combined mass of the star clusters and the BH candidate
of ∼4×106 M (Imara & Faesi 2019). However, the optical
line ratios of He 2–10 do not show sign of gas ionization by
an AGN as obtained using seeing limited IFS with the VLT
MUSE instrument (Cresci et al. 2017).
The high angular and spectral resolution data presented
here can be used to investigate whether or not He 2–10 hosts
an accreting BH. At the location of the BH candidate, we
find significant line emission (see Fig. 2), enhanced emission-
line ratios (see Fig. 3), consistent with those reported for ac-
tive galaxies (e.g. Rodr´ıguez-Ardila et al. 2005; Colina et al.
2015). In addition, the stellar velocity dispersion map (Fig.
5) presents slightly higher values at the BH position, provid-
ing kinematic support for the presence of a compact object.
On the other hand, there are no coronal lines or enhanced
MNRAS 000, 1–8 (2019)
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Figure 5. Gas and stellar velocity dispersion maps for He 2–10. Labels are the same as in Fig. 2.
continuum due to dust emission in the K-band. However,
coronal lines and dust emission are not ubiquitous in type 2
AGN (Riffel et al. 2006, 2009, 2011; Rodr´ıguez-Ardila et al.
2011; Lamperti et al. 2017).
The highest [Fe ii]/Brγ values of up to 2.5 are seen close
to the location of the BH candidate and to the north of
CLTC1, while small values are seen at locations near the
knots of Brγ emission, consistent with emission of gas excited
by young stellar clusters. A similar behaviour is seen for the
H2/Brγ ratio. The high [Fe ii]/Brγ ratios are consistent with
an AGN origin, but could also be originated by shocks due
to SN winds (Colina et al. 2015). Cresci et al. (2010) do also
report enhanced line ratios and suggest that they are due
to shocks produced by SN winds. Indeed, the detection of
broad line components support the presence of winds asso-
ciated to the star-forming regions. We find a gradient in the
centroid velocity and σ among distinct ionization degrees.
The He i shows velocities close to the systemic velocity of
the galaxy and the smallest σ values, blueshifts are seen
in Brγ and moderate σ values and the highest blueshifts
and σ values are seen in [Fe ii]. The He iλ2.0587µm line
traces the emission of the ionized gas with the highest ioniza-
tion potential among the detected lines, followed by Brγ and
[Fe ii]λ1.6440 µm. The velocity and σ gradients are consis-
tent with a scenario in which the He i traces the gas emission
closer to the young stellar clusters, where the dust has al-
ready been swept away by the stellar winds, while the [Fe ii]
traces the ‘dustier’ gas farther away from them, where the
winds interact with the interstellar medium. Thus, the [Fe ii]
broad component traces the most turbulent gas in dustier
regions, consistent with the highest σ values and blueshifted
velocities, while the redshifeted counterpart of the wind is
partially extincted by dust. This scenario is also consistent
with the non-detection of a broad component in the H2 lines,
which trace a denser gas phase and the winds may not be
powerful enough to significantly affect the kinematics of the
dense gas.
As discussed above, the [Fe ii]/Brγ and H2/Brγ line ra-
tios alone cannot be used to distinguish between AGN exci-
tation and SN winds as the origin of the line emission. The
excitation mechanism of the H2 lines can be further investi-
gated using the H2 2–1 S(1)/1–0 S(1) and H2 1–0 S(2)/1–0
S(0) line ratios (e.g. Mouri 1994; Dors et al. 2012; Riffel
et al. 2013). For He 2–10, the lines 1–0 S(0), 1–0 S(2) and
2–1 S(1) are weak and we are not able to measure their
fluxes spaxel-by-spaxel. Thus, we extract spectra from four
positions with respect to CLTC1: (A) the peak of Brγ emis-
sion, at 0.′′8 southeast; (B) the peak of the H2 emission, at
0.′′4 east; (C) region with high H2/Brγ and [Fe ii]/Brγ at
1.′′1 north-northeast, and (D) position of the BH candidate
(1.′′3 southwest). The spectra were extracted within circular
apertures of 0.′′15 radius, as identified by the cyan circles
in Fig. 2, and the corresponding flux ratios are shown in
Table 1.
Figure 6 presents the H2 2–1 S(1)/1–0 S(1) vs. 1–0
S(2)/1–0 S(0) diagram, which can be used to investigate
the origin of the H2 emission. The line ratios at the posi-
tions (A), (B) and (C) are seen between the region occupied
by the non-thermal UV excitation models of Black & van
Dishoeck (1987) – where the H2 molecule is excited by ul-
traviolet absorption, followed by fluorescence – and the re-
gion occupied by thermal models (e.g Riffel et al. 2013) –
the bottom left corner of the S(1)/1–0 S(1) vs. 1–0 S(2)/1–0
S(0) diagram. In addition, the observed line ratios from these
three positions are close to the observed data points for star-
forming galaxies (e.g. Riffel et al. 2013). This suggests that
the H2 emission in these regions is produced mainly by flu-
orescent excitation through absorption of soft-UV photons
from the star-forming regions, but with an additional con-
tribution due to thermal processes (likely shocks due to SN
winds), especially for the region (C), that shows the high-
est 1–0 S(2)/1–0 S(0) ratio and high [Fe ii]/Brγ and H2/Brγ
values. Indeed, shock models predict 0.3<2–1 S(1)/1–0 S(1)
< 0.5 (Hollenbach & McKee 1989), consistent with the ob-
served ratios in these locations. On the other hand, at the
position of the BH candidate (D), the observed H2 line ratios
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Figure 6. H2 2–1 S(1)/1–0 S(1) vs. 1–0 S(2)/1–0 S(0) diagram.
The points show the observed H2 emission-line ratios for the po-
sitions identified in Fig. 2 (from A to D). The position D corre-
sponds to the location of the BH candidate. The orange rectangle
shows the range of values predicted by the non-thermal UV ex-
citation models of Black & van Dishoeck (1987) and the pink
polygon indicates the range of values of the AGN photoioniza-
tion models from Dors et al. (2012) for an ionization parameter
logU ≤−1.5.
are very close to the values expected for thermal excitation
of the H2. In particular, it is worth noting that the AGN
photo-ionization models of Dors et al. (2012) predict values
very close to the observed ratio at position D. Thus, we con-
clude that the data analysed here provide strong evidence to
an accreting black hole in He 2–10, contributing to the gas
excitation in its vicinity. The enhancement of the [Fe ii]/Brγ
and He i/Brγ line ratios at the position of the BH further
supports this conclusion.
The stellar velocity dispersion map presents a small en-
hancement at the location of the BH, which can be used to
estimate its mass. The median value of σ? calculated within
a circle with radius R =0.′′15, centred at the position of BH
is < σ? >BH= 39.6± 3.2 km s−1, while for a ring with inner
radius of 0.′′20 and outer radius of 0.′′30, the median value is
< σ? >SP= 32.5± 2.9 km s−1. If the slightly enhancement in
σ? at the position of the BH is due its gravitational potential,
a rough estimate of BH mass is 1.5+1.3−1.3×106 M as obtained
from the Virial theorem by by MBH =
2R(<σ?>2BH−<σ?>2SP)
G ,
where G is the Newton’s gravitational constant. This value
is in agreement with the expected mass (∼ 3×106 M) ob-
tained from the relation between the stellar mass and MBH
(Reines & Volonteri 2015) by adopting a stellar mass of
∼1010 M (Nguyen et al. 2014) and is between the limits
calculated by Nguyen et al. (2014) and Imara & Faesi (2019)
for He 2–10, as well as between the range of values estimated
for BH of NGC 4395, a well known bulgeless dwarf galaxy
hosting a Seyfert 1 nucleus (Peterson et al. 2005; den Brok
et al. 2015; Brum et al. 2019).
6 CONCLUSION
We use unprecedented high spatial and angular resolution,
near-infrared integral field spectra of He 2–10 to investigate
the origin of the gas emission and kinematics in the inner
130 pc×130 pc. These data are consistent with the presence
of an accreting massiv eblack hole co-spatial with the lo-
cation of the compact radio and X-ray source previously
reported (e.g. Reines et al. 2016). The main conclusions of
this work are:
• Most of the near-infrared line emission is due to gas
excited by young stars and shocks, likely due to SN winds.
But, at the location of the BH, a contribution of an AGN to
the gas excitation is strongly supported by the observed line
ratios. The [Fe ii]λ1.6440 µm/Brγ and He iλ2.0587µm/Brγ
present enhanced values at the location of the BH and the
H2 2–1 S(1)/1–0 S(1) and 1–0 S(2)/1–0 S(0) are consistent
with values predicted by AGN photo-ionization models.
• The emission lines from the ionized gas present two
kinematic components: (i) a narrow component with σ <
60 km s−1 and velocity field presenting a rotation pattern
with redshifts seen to the southwest of the brighetst stellar
cluster and blueshifts to the northeast of it and a velocity
amplitude of 25 km s−1. (ii) A broad component seen mostly
in blueshifts and with σ > 100 km s−1, interpreted as being
due to winds from the star forming regions. The molecular
gas presents only the disk component.
• The stellar velocity field does not present clear signa-
tures of ordered rotation and the stellar velocity dispersion
map shows values similar to that of the narrow emission-line
component.
• An enhancement of the stellar velocity dispersion from
32.5±2.9 km s−1 to 39.6±3.2 km s−1 is observed at the loca-
tion of the BH, interpreted as being due to motion of stars
subjected to the gravitational potential of a black hole with
mass of 1.5+1.3−1.3×106 M.
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Table 1. H2 2–1 S(1)/1–0 S(1) and 1–0 S(2)/1–0 S(0) emission line ratios measured the four positions identified as cyan circles in Fig. 2.
Position/Ratio A (Peak Brγ) B (Peak H2) C (High H2/Brγ) D (BH candidate)
2–1 S(1)/1–0 S(1) 0.36±0.13 0.31±0.05 0.36±0.08 0.11±0.14
1–0 S(2)/1–0 S(0) 0.80±0.44 0.52±0.13 1.52±0.49 1.10±0.57
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